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One of the most intriguing developments of the last few years has been the advent of methodology for investigating biopolymer molecules and enzyme action at the single molecule level [1, 2] . This fascinating technology has the advantage that the details of enzymatic events may, in principle, be investigated free of the averaging problems of bulk, ensemble measurements, and those associated with the presence of an unknown fraction of inactive or defective enzyme in the sample. But care must be taken in interpreting the results, as the experimental setups often do not mimic the bulk solution conditions in important respects. This technology has been applied to the analysis of a number of topoisomerases [2] and has now been used by Gore et al. [3] to investigate the activity of the archetypal type II topoisomerase, bacterial DNA gyrase.
DNA topoisomerases manipulate the topological forms of DNA: supercoiled, catenated (linked) and knotted molecules [4, 5] . Type II topoisomerases are molecular machines that capture a DNA double strand, the T (transported) segment, in a clamp formed by ATP-dependent dimerisation of the amino-terminal domains of the dimeric enzyme. The T segment is passed through a second DNA, the G (gate) segment, via a double-stranded break formed by phosphodiester exchange with tyrosine residues in the protein. An intramolecular 'strand-passage' reaction can result in relaxation of supercoils -the linking number of closed-circular DNA changes by 6 2 -or knotting/unknotting of DNA. Catenation or decatenation occurs if the G and T segments are on separate molecules.
All type II topoisomerases carry out these reactions, but DNA gyrase has evolved specifically to transduce the free energy of ATP hydrolysis into negative supercoiling ( Figure 1 ). The enzyme wraps approximately 130 base pairs of DNA, including the G segment, in a right-handed sense around the carboxy-terminal domains of the GyrA subunits, to present a contiguous T segment to the ATP-operated clamp with an orientation leading to a change in linking number of -2.
The experimental setup designed to analyse the activity of a single gyrase enzyme is illustrated in Figure 2A [3, 6] . An approximately 10 kilobase DNA molecule (3 mm) is stretched between a coverslip and a magnetic bead, and a force of a up to 2 piconewtons (pN) is applied magnetically. The double-stranded DNA has a single nick in one strand, immediately below which is attached a smaller fluorescent bead. Gyrase action at a specific binding sequence below the bead introduces negative supercoils, which, since the DNA is under tension, are manifested as untwisting of the DNA. This untwisting is relaxed by rotation at the DNA nick and concomitant rotation of the marker bead is observed from below using a fluorescence microscope. Figure 2B shows schematic plots of bead rotation angle against time, for a series of tensile forces applied to the DNA [3] . These plots show bursts of rotation of the marker bead, always in multiples of two rotations in the same direction, consistent with the introduction of two negative supercoils per gyrase reaction. Interestingly, as the force applied to the DNA is increased, the size and frequency of the bursts -corresponding to multiple processive gyrase reactions -decreases, but the rate of rotation is force-independent.
These data are interpreted in terms of a model in which the initiation and maintenance of a processive burst depends on a competition between DNA dissociation and DNA wrapping of an unwrapped intermediate [3] . The wrapping step leads to a shortening of the DNA, and hence will slow down as tension in the DNA increases. Quantitative analysis suggests that DNA shortening at the wrapping transition state is about 31 nm (90 base pairs), a value consistent with a full wrap of approximately 130 base pairs (the transition state may be only partially wrapped). On the other hand, the fact that the rate of the processive reaction is independent of the force suggests that the rate-limiting step of the reaction does not involve wrapping (or unwrapping) of the DNA. The measured rate is very consistent with the known rate of ATP hydrolysis by gyrase in the presence of DNA [7, 8] .
In a variant of the assay designed to have better time resolution, pauses are visible during the processive reaction bursts, Gyrase is a GyrA 2 GyrB 2 tetramer. The GyrA/GyrB core (blue/pink) is responsible for breaking and rejoining the green G segment. The GyrA carboxy-terminal domains (CTD, light blue) wrap DNA adjacent to the G-segment in a righthanded sense, and one of these wrapped regions is presented to the GyrB amino-terminal clamp (NTD, yellow) as a T segment (red).
corresponding to complete two-rotation steps, or rarely to steps corresponding to about one rotation of the bead. To explain the pauses, Gore et al. [3] propose an undefined rate-limiting step late in the reaction cycle. However, post-hydrolysis ADP release has previously been proposed as the rate-limiting step [9, 10] , and this is consistent with the present data (Figure 3) . At low or zero ATP concentration, the one-rotation steps are more common, and reversible, and are suggested to correspond to formation of the wrapped complex (Figure 1 ) before (or without) strand passage. The exact rotation/wrap measured (1.3 turns) is rather larger than the value expected from well-established average bulk measurements of 0.7-0.8 turns [8, 11, 12] ; either a proportion of the enzyme is defective in wrapping, or the extent of wrapping is dependent on the DNA binding site and this very specific site has a larger than average wrap.
Gore et al. [3] propose a model of gyrase action that explains their observations. However, there are some features of this model that are inconsistent with existing biochemical data relating to gyrase mechanism; in particular, hydrolysis product release as the rate limiting step (see above), and variation in the efficiency of coupling between ATP binding and strand passage. A modified scheme that aims to reconcile the single molecule data with previous work is proposed in Figure 3 : the ATP-dependent supercoiling reaction under normal conditions is the square (2-5), where it is supposed that the enzyme can cycle without the DNA becoming unwrapped from the carboxyterminal domains.
Gore et al. [3] state that when ATP is saturating, wrapping of the DNA in the gyrase complex leads inevitably to supercoiling, suggesting that subsequent rapid binding of ATP commits the enzyme to the strand-passage reaction. This seems to be the case in their experiments, but there is considerable earlier evidence that this coupling is not perfect; ATP binding and hydrolysis can take place without strand passage [7, 13] . Activation of ATP hydrolysis requires the presence of a T segment in the clamp [14, 15] , which should always be captured, but may be released after ATP hydrolysis, without strand passage (cycling between 2 and 3 in Figure 3 ) [11] . The probability of strand passage is dependent on the level of supercoiling of the substrate DNA, declining as the DNA becomes more negatively supercoiled [7] ; it has been proposed that supercoiling torsion affects the position of a strand passage equilibrium (step 3-4) [11] . The coupling efficiency is only around 30% for relaxed DNA [7] .
The fact that strand passage has an apparently high probability in these experiments -although some of the rare single-turn pauses may represent uncoupled reactions -is plausibly due to the fact that the DNA is under tension. The tensile force will directly affect the wrapping/unwrapping equilibria in Figure 3 , making the putative unwrapped intermediates 6 and 7 more significant, with a force-dependent increase in the rate of dissociation of the enzyme-DNA complex (from 7 or 2) and shorter, less frequent bursts of activity. In this scheme, the product release step is rate-limiting independent of force. The equilibria in Figure 3 would be perturbed by tension as indicated by the red arrows, with the strand passage step being increased in efficiency, leading to the high level of coupling between ATP binding and supercoiling seen in the singlemolecule experiments, but not in analogous bulk experiments.
These experiments have revealed an interesting snapshot of the operation of single gyrase enzymes, although it is important to try to reconcile the new data with previous bulk experiments. In this context, it would be interesting to analyse the enzyme's activity at lower levels of tensile force, perhaps using methods where the DNA forms writhed, plectonemic supercoils [2] , in order to investigate the uncoupling of Only the half wrap including the T segment is shown for clarity. Binding of ATP captures a T segment (red) (2/3), which may proceed to strand passage (3/4), or be freed by ATP hydrolysis and product release (3/2). After strand-passage and T segment exit from the complex (4/5), the clamp is opened on hydrolysis and rate-limiting (RL) product release (5/2). This cycle introduces two negative supercoils, and results in a rotor bead rotation of 720º in the single molecule experiment. Increasing tensile force will affect the wrapping/unwrapping equilibria, stabilising the unwrapped complexes (6 and 7), and reducing the processivity of the reaction by DNA dissociation from 7 or 2. Product release is still the rate-limiting step, independent of force. Tensile force will perturb the equilibria as indicated by the red arrows, resulting in an increase in the efficiency of the strand-passage reaction (3-4 equilibrium).
Cognitive Neuroscience: Trickle-Down Theories of Vision
The visual cortex is not a passive recipient of information: predictions about incoming stimuli are made based on experience, partial information and the consequences of inferences. A combination of imaging studies in the human brain has now led to the proposal that the orbitofrontal cortex is a key source of top-down predictions leading to object recognition.
Jacinta O'Shea 1 and Vincent Walsh 2 The study of top-down processing often reveals a paradoxical feature of how we theorise about vision. It seems that in order to explain the workings of the brain we sometimes adopt the logic of Intelligent Design -smart things can only be made by, well, by smarter things. Every visual neuroscientist has had the experience, at the end of a lecture, of being asked by an engineer in the audience ''why would anyone design a system like that?'' (you know it's an engineer because they
